The dedicated CMS R&D program was intended to study the feasibility of using micropattern detectors for the instrumentation of the vacant jηj 4 1:6 region in the present Resistive Plate Chambers (RPCs) endcap system. The proposed detector for CMS is a Triple-Gas Electron Multiplier (GEM) trapezoidal chamber, equipped with 1D readout. While during 2010-2011 the Collaboration worked on the prototyping of the detector, during the first part of 2012 a newly developed assembly technique to be used for the mass production was adopted. GEMs can provide precision tracking and fast trigger information, contributing on one hand to the improvement of the CMS muon Trigger and on the other hand to provide the missing redundancy in the high η region. In the view of the next LHC long shutdown (LS1) the CMS GEM Collaboration designed and built four full-size Triple GEM-based muon detectors.
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Introduction
Currently the muon endcap region of the CMS experiment [1] in the 1:6 o jηj o2:4 region is only instrumented with Cathode Strip Chambers (CSCs) and not with RPCs [2] which is the main reason why the CMS GEM Collaboration has been studying GEM [3] detectors. In view of the CMS high-η upgrade [4] , standard bakelite RPCs suffer from the strong and increasingly hostile environment in this region while GEM detectors have shown to be an appealing technology that could take the place originally planned for RPCs. This appeared as a great challenge for the GEM Collaboration, which has performed several feasibility and performance studies on small [5] and full-size [6] detectors over the last three years. All results have shown that not only is the GEM technology capable of sustaining the high-rate environment but it has also been demonstrated to be robust [7] , showing good spatial resolution of better than 100 μm, good time resolution and excellent radiation hardness. In 2012, the Collaboration designed and built four new full-scale GEM detector prototypes that were successfully tested in the laboratory with X-rays and muon/pion [8] . Test and development of prototypes before installation in a radiation environment is important not only for studying the influence of the beam and radiation damage on materials but also to check the degradation after long exposure (ageing) and the performance evaluation under background conditions.
Detector description
The full-scale CMS GEM chamber has a trapezoidal shape with an active area of 990 mm Â (220-455) mm. This size is imposed by the fact that the CMS GEM chambers would be installed in the vacant area in the high pseudo-rapidity (1:6 o jηj o 2:1) region of the CMS muon endcap system, and each chamber hosts a Triple-GEM detector. The GEM foils were produced at CERN using the single-mask technology [9] to overcome the problems with alignment of double masks for large surfaces. To reduce the discharge probability and strength the GEM foils (50 μm thick kapton sheet clad with 5 μm copper on both sides) are divided into 35 high voltage (HV) sectors, of about 100 cm 2 area each, transverse to the strip direction. The drift electrode, made of a thicker 300 μm kapton foil with 5 μm thick copper cladding, is glued directly onto the 3 mm thick bottom aluminum base plate of the detector cover box. The electrode gap configuration is 3/1/2/1 mm: it consists of a drift zone, two transfer gaps and the induction gap where the electron drift will induce a signal in the readout plane of the detector. The detector readout board is divided into eight ηÀpartitions with 384 strips each oriented radially along the long side of the detector with a pitch varying from 0.6 mm (short side) to 1.2 mm (long side). Each partition is subdivided along the ϕÀcoordinate into three readout sectors with 128 strips or channels each. From 2011 onwards a new assembly technique ( Fig. 1) , which aims at avoiding the GEM foil stretching by the gluing of spacers frames, was successfully tested on 10 Â 10 cm 2 and 30 Â 30 cm 2 detectors and later applied to all full-scale CMS GEM detectors. The GEM foils are produced with a pattern of holes near the edge, outside the active area, and can be aligned via special nylon pins and fixed to an internal frame. An outer frame, glued on the drift electrode PCB, is used to support the structure, to define the gas volume and to provide the gas tightness. The GEM foils are stretched by pulling the inner frame towards the outer frame by tightening screws penetrating the outer frame and fastened by nuts embedded in the inner frame. O-rings between the adjusting screws and the outer frame seal the detector. In the last assembly step the readout board is mounted with screws on the top of the outer frame and sealed via an O-ring embedded in a grove in the outer frame to close the detector.
Longterm tests at Gamma Irradiation Facility (GIF)
The study of the ageing process is very important because this effect is known to result in the performance degradation of gaseous detectors under ionizing radiation. This is mainly due to the presence of pollutants in the gas mixture and it may seriously affect the long-term operation and detection properties. What happens during the ageing process can be explained by plasma chemistry, which offers a qualitative analogy to the process taking place in the plasma surrounding the GEM holes and the creation of sticky polymers inside the detector [10] . This ageing process under conditions of electron amplification is a very complex phenomenon that can be accelerated by using the detector under very high radiation. This explains why such tests are needed to understand the behavior of GEMs for the CMS experiment. All these studies are made in the GIF, a confined area based at CERN and fully dedicated to long-term operation studies and high-radiation tests. In Fig. 2 we show the setup used to irradiate 24/24 h a large prototype with a strong radioactive source of 137 Cs, providing 662 keV photons up to 566 GBq in all directions. The readout chain used for spectra acquisition is also shown. Fig. 1 . Cross-section of the frame region for a full-size GEM assembled with the new self-stretching technique. Fig. 2 . Setup used to irradiate a large prototype with a strong radioactive source of3.1. Quality control of full-scale GE1/1 chambers Among the various studies it is worth to report on some gain uniformity tests for quality control. The studies have been conducted in order to ensure that there was no effect due to the fluctuations of external parameters, to get a precise map of a large detector, basically in terms of gain and energy resolution, and also to study how the gain fluctuates as a function of time and external parameters. The setup shown in Fig. 3 is the one used for this kind of studies. We checked all eight η sectors of the large prototype, and for this the subdetectors were divided into ten slices (each slice contains $ 30 strips). Our prototype was then read out with the Scalable Readout System (SRS) [11, 12] developed by the RD51 Collaboration [13] with APV25 [14] hybrids at the frontend triggered by the signal on the bottom of the last GEM detector, emitting a signal when electrons are passing through it that is collected via a filter and then used as a trigger. The prototype has been irradiated with an X-ray source placed at a distance of % 1 m. The software used to analyze the data collected during the test beam campaigns is based on the ALICE DAQ Software DATE [15, 16] and is divided into three steps: at the beginning we obtain the noise and the pedestal of each strip from a pedestal run for which the source is off for the entire duration of the run.
GEM foils
The second step is the physics run to record the collected charge when operating with the source on, and finally we use analysis procedures to remove the noise and pedestal in the physics run by using the information from the pedestal run. In Fig. 4 we report a summary of all steps occurring during the data analysis and some typical plots. The upper right plot shows the beam profile while the bottom right plot depicts the distribution of the collected charge as a function of the strip number. Zero suppression to remove the noise is performed at 3s of the pedestal noise for each channel. Fig. 5 depicts the distribution of normalized charge as a function of strip number relative to each η sector and the corresponding slice in the relative subdetector under study. The charge normalization was necessary because it counteracts the X-ray beam's non-uniformity. By way of illustration in Fig. 6 we show the gain uniformity as a function of the slice number for a fixed η sector. Each point represents the mean value of a Gaussian fitted to the cluster charge distribution of the corresponding slice. We can see that the gain is uniform within 10% along one η sector. The main goal of this kind of studies is of course to test as accurately as possible the gain uniformity along the full chamber, and the great advantage that we have in being able to monitor the peak position along both the x and y direction is that we can "draw" a full map of the detector under study (Fig. 7) . This demonstrates not only the good gain uniformity of the CMS Triple-GEM detectors, it also shows the importance of this powerful dedicated irradiation facility at CERN that can be used to monitor the quality of large gaseous detectors before they are installed in an experiment.
Conclusions
After designing, building and successfully testing four full-scale CMS GEM detector prototypes during 2012, the CMS GEM Collaboration implemented a faster assembly technique for their construction. All the studies and measurements performed during dedicated beam tests showed that the detectors perform well with respect to detection efficiency and spatial resolution. The results obtained lead us to conclude that the faster assembly technique is a viable option that can facilitate mass production of these chambers for the CMS upgrade. The new "self-stretching" technique also represents a significant improvement because no gluing is required, after assembly the detector can be easily opened again for repair and cleaning and no deformation due to changes in temperature was observed. At the same time all the studies carried Fig. 3 . Setup used for the quality control of full-scale CMS chambers. out in the GIF have shown that the GEM collaboration not only took care of the performance of the full-scale CMS GEM detector prototypes but is also able to study the effects associated with their long-term exposure to a radioactive environment and to collect all the information that can be useful to further improve the performance. We also demonstrated that the gain is uniform within 10% along one η sector, which once more confirms the strength of this new technology. 
